Abstract -Enterprise modeling is a new area of considerable current interest to chemical processing industries. Similar to the approach of the Process Systems Engineering community, the Enterprise Modeling community attempts to construct models of total systems rather than individual pieces. This paper will examine WHY Enterprise Modeling has caught industry's attention, continue with an example of how Enterprise Modeling has been applied in a restructuring project at a gas processing plant in Norway, WHAT Enterprise Modeling is, what kind of problems it may be used to address, and finally HOW Enterprise Modeling fits in with our Process Systems Engineering tradition.
INTRODUCTION
Process systems engineering attempts to take a systems, an overall, approach to the design, operation, control, modeling and simulation of the chemical production process. The scope is essentially a technological one, dealing primarily with the processing hardware and accompanying software.
Presently, the process industries seem to be more concerned about improving their business processes than their physical production processes. Several factors seems to drive this shift in focus:
The bulk chemicals markets are increasingly becoming saturated, with new low-cost producers in geographical areas that used to be markets rather than competitors. This causes bulk producers to aim either for specialty niches for diversification or for cost leadership. Either way, this increases the importance of process operations, which should be more flexible, or more cost effective, or preferably both. Capital for new major plants, or even for major technology upgrades, is becoming increasingly difficult to justify. Thus, in order to stay in business, the emphasis is shifted from improvement of the production process to improvement of the business process, entailing not only departmentalized process operations in a traditional sense, but aiming to farm out cost savings and reduce lead times all along the entire value chain.
An additional driving force is recent standards required to gain access to many markets, such as the ISO 9000 standards for quality assurance, which require that operation procedures are standardized and well documented. This may seem as a burden, but approached the right way, it is actually an opportunity: This information has to be collected and systematized anyway, therefore, why not use it offensively to improve the overall process operations? The difficult part here is of course that there must be a common understanding regarding what this information really means, and how it should be used. I.e., in order to get the message across, beyond all disciplinary boundaries that exist in organizations beyond a certain size, a significant effort is required with respect to both modeling, training and education. Can a common conceptual framework, with a shared understanding of representations and procedures, be established?
To look at operation of process plants in a reasonable perspective, we can not only look at the "operationobject", but also at the "operation-subject". We must study the work processes, the people participating, the interaction between them, and between the hardware and the software. To be able to understand this, there is a need for a holistic view of the organization. We need to collect and structure knowledge about the enterprise and the environment in which it operates. Is Enterprise Modeling a method which can be useful in the search for common understanding and a more effective operation of process plants?
Section two of this paper presents an industrial case where Enterprise Modeling principles have been applied. Section three discusses various views of what Enterprise Modeling is, and section four presents some rationales of Enterprise Modeling in the process industry. Finally, we present some conclusions and outline some ideas for further work.
BACKGROUND
The Kårstø plant is located on the south-west coast of Norway, and is operated by the Norwegian oil and gas company Statoil. At Kårstø they receive natural gas and condensate from offshore reservoirs, and process it into sales gas and LPG (liquefied petroleum gas). The sales gas is then transported through pipelines to continental Europe, while the LPG is transported by boat to various customers. The organization consists of about 280 employees, and in addition there are several hired on short term contracts.
In 1994, a major restructuring project was initiated at Kårstø. The need for a restructuring project was due to increased pressure from competitors: In order to keep market shares and profit margins, they had to do something radical. The objective of the project was to reduce operating costs by 30% in three years. Unlike most other restructuring projects (they consciously avoided the term "re-engineering", as this has a somewhat negative connotation), down-sizing was not the main issue. All employees were promised they would keep their jobs. As a result, the ambitious objective of the restructuring project became to reduce operating expenses with 60% of the budget not related to personnel.
WHAT THEY DID AT KÅRSTØ
The restructuring project had three phases:
1. A mapping phase, with the purpose of gathering information about the existing business process at Kårstø ("as-is" modeling). 2. An analysis phase, where the results from phase 1 were analyzed, and a new way of working was designed ("to-be" modeling). 3. An implementation phase, taking the "to-be" model from phase 2 and carrying out the actual changes.
The implementation phase is still in progress, but there are already some results from the first two phases. The mapping phase was lead by a project group comprising 6 members, with a mix of employees at Kårstø and internal consultants. All 280 employees were interviewed in small homogeneous groups, i.e., workers with the same kind of job and responsibilities were grouped. Their statements were recorded and stored in a statement database, in order to make retrieval easier. The purpose of interviewing all employees was to ensure that the "as-is" model would be as correct as possible, and that all problems that workers found in their job situation were discussed and managed. Figure 1 provides a schematic view of the process.
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MODELING LANGUAGES AND TOOLS
A main focus of the modeling effort was to connect the physical production process with the activities that are carried out by the workers, i.e., operation of the plant. To capture this, a small set of model elements were defined informally, comprising activities, products, roles, possibilities and problems.
The elements were mapped graphically using a simple drawing tool and printed out on large sheets of paper in order to enable workers to look at and communicate around the diagrams. The sheets were hung on walls in several central locations of the plant.
PRELIMINARY BENEFITS OF ENTERPRISE MODELING AT KÅRSTØ
One key benefit of the project is that the workers now have a distributed understanding of the overall process. People now know where in the process they contribute to creation of value, and they also know what other workers do. This enables workers to cope with the problem of sub-optimization.
Another benefit is that taking part in the modeling process created enthusiasm and commitment to follow up on the various actions that are necessary to restructure the plant. When implementation is in progress, neither workers nor management can back out and claim they have not been informed. The union was also heavily involved, and they have expressed that they feel comfortable with the situation.
A third benefit is that everyone is able to see how outdated policies and procedures actually inhibit efficient work. An example is how uni-skilled workers are hindered in doing a job efficiently. E.g., mechanical personnel are not allowed to repair electrical equipment without assistance of an electrician. The result is a lot of waiting for various kinds of people. The Enterprise Model does not reduce this kind of problem directly, but acts as a focus and a trigger for discussions of this kind of phenomena, leading to the understanding of needs for at least partially multi-skilled workers.
WHAT IS ENTERPRISE MODELING?
There exists a number of definitions of Enterprise Modeling, but one that comes close to our perception of the concept is that "Enterprise Modeling is the process of understanding a complex social organization by constructing models." (Rumbaugh, 1993) At the core of the concept is the idea that besides the core business processes that a company runs to create value to their customers, there is a need for reflection upon the core business processes. This reflection aims at improving the way the core business is performed 1 . 
A CLASSIFICATION OF ENTERPRISE MODELING
The purposes of Enterprise Modeling activities are very diverse, ranging from mere understanding of the business processes to full automation or enactment of the models. Requirements to languages, methods and tools will vary according to purpose. As a consequence, it is important to classify the various approaches. Christensen et al. (1995) suggest three levels of Enterprise Modeling:
1. Construction of reality The main purpose of Enterprise Modeling in this category is to create a shared understanding of the real world enterprise, in order to facilitate communication and reflection. See figure 2.
Computer-aided analysis and simulation
Representation of the enterprise in computers, enabling rapid "what-if" analysis and computation of various parameters.
Model deployment and activation
The model is used as an active part of the enterprise information system, enabling on-line information retrieval and direct work process guidance.
Engineering communities have for a long time focused on level two, i.e., how to build models for computeraided simulation. However, there is more to Enterprise Modeling than simulation, as the industrial case exemplified.
ENTERPRISE MODELING IN OTHER DISCIPLINES
The idea of Enterprise Modeling is not limited to any specific discipline. Rather, one may say that Enterprise Modeling is cross-disciplinary, in the sense that several communities approach the problem. There is also a clear need to apply knowledge from many disparate disciplines in order to create and utilize models effectively. We briefly present some disciplines below, and more areas can be found in (Totland and Conradi, 1995) .
Information Systems Engineering is the application of systematic engineering approaches to development of information systems. Enterprise Modeling is normally used as a means to communicate with the future users of the information systems, in order to assure a common understanding of the work processes the system is supposed to support (often referred to as requirements engineering). A large Esprit project within this domain is "From Fuzzy to Formal" (Bubenko et al., 1994) .
A related field of research is the focus on software process modeling (Finkelstein et al., 1994) . The idea is to develop formal models that can be used to guide the software developers through a software project (by enactment of the model, i.e., the model is executed partially by humans and partially by computers). A prerequisite here is of course that work actually takes place in a computerized environment, as is for software development.
Business Process Re-engineering (Hammer and Champy, 1993 ) is an area that has received considerable interest during the past five years. All methods for BPR include Enterprise Modeling to some degree: First, to create a model of the current business process (the "as-is" model), and then creation of a model of the future business process (the "to-be" model). These models tend to be very informal.
Within the area of Computer-Integrated Manufacturing, there are considerable efforts done and in progress to employ Enterprise Modeling principles. The CIMOSA project (Kosanke, 1992 ) is large in Europe, and there is work going on to develop an ISO standardized framework for Enterprise Modeling within the manufacturing industry (ANSI/NEMA, 1994).
WHY PERFORM ENTERPRISE MODELING?
The driving force behind a change process usually is the need for a more cost effective business. The ways to achieve this are diverse. Enterprise Modeling is one of the alternatives. At the same time, one of the advantages of Enterprise Modeling is that it seeks to optimize the entire business rather than sub-optimize separate parts. To be able to do so, there is a need for a well established understanding of the entire enterprise and the environment in which it operates. Through an Enterprise Modeling Process it is possible to visualize problems, constraints and possibilities, and find and evaluate solutions. The tasks for which the Enterprise Modeling Process is suitable depends on the level of performance as defined above. Reflection and analysis (qualitative) require simplicity, while decisions connected to design and redesign require focus on details, as is also noted by Wortmann (1993) . The tool requirements are usually in accordance with the degree of complexity. This section discusses why and how the different levels in Enterprise Modeling fit in with Process Systems Engineering.
LEVEL 1: CONSTRUCTION OF REALITY
Construction of reality works through three different phases:
1. Mapping phase 2. Analysis and reflection phase 3. Implementation phase The first level is a level of simplicity, and can be performed by the use of very simple tools, as exemplified by the Kårstø example. This level builds on the belief that process of changes can be successful through a common and general understanding of the enterprise, commitment to the process, enthusiasm and motivation. These factors are strongly connected.
This first level of Enterprise Modeling can help the participants to get a common understanding of the entire enterprise, the aim of the enterprise, and what the different members of the organization do. It is important for members working in one part of the organization to realize that their working-area not necessarily is "the core of the plant", but a piece of a totality, and to be able to see and understand this totality. This is very fundamental for useful discussions, especially cross-disciplinary discussions. Being a part of this phase also creates commitment, as experienced in the Kårstø project. Both common understanding and commitment are factors which help the process of change in the right direction, and are therefore potential factors for more effective plant operation.
As for the personnel not directly involved in the operation, the mapping of the enterprise will give them knowledge about the production process, the work done by the operators and their working conditions. This can again lead to a better understanding of the operation, and therefore make it easier to identify potential for more efficient operation of the plant. This leads us to the second phase; the phase of reasoning and analysis. The mapping phase results in some kind of common mental and/or visual representation of the enterprise. The following phase of the Enterprise Modeling Process focuses on analysis of these representations to localize problems and/or possibilities in process plant operation. It is worth noticing that the production hardware is not the essential issue here. Here are some examples of questions to be answered through this phase by interpretation by the workers:
• Qualitative evaluations of changes • Are there any main differences in how the work is performed? And do they influence the effectiveness?
• What could be the effect of changing the shift-routines from a 5-period to a 7-period routine?
• How can we be able to control and improve the flow of information?
• Where is the bottleneck in the material flow?
• Will it, accompanied by experienced workers, be used in training and education of new workers?
If the Enterprise Modeling Process is extended into level 2, the same questions can be answered in a more quantitative manner.
LEVEL 2: COMPUTER-AIDED ANALYSIS AND SIMULATION
As mentioned in section 3, Enterprise Modeling at level 2 is dealing with computer-aided analysis and design. This means that compared with level 1, the work done and the model produced demand a higher degree of formality and more details.
At this level, compared to level 1, the model and its possible applications are more interesting than the way of getting there. The possible areas of use depend on the model and the main focus while making it. The focus may be strongly influenced by the questions to be answered. The model can be used in both a qualitative and quantitative manner. Below there are listed some examples of purposes, most of them are connected to simulation.
• Training and education
Compared to the possibility of using the results from level 1 for training and education, the model at this level can be a simulator functioning alone.
• Trade-off analysis
The trade-off analysis can concern investment, design/redesign, organization structure, etc.
• Quantitative evaluations of changes In all businesses there is sometimes need for changes. The Enterprise Model can be a model for evaluation and comparisons of different alternative solutions to a needed change.
• To find the economical effect of changing the organization structure or the operation routines.
• Simultaneous design of process equipment (hardware), work routines and organization structure.
LEVEL 3: MODEL DEPLOYMENT AND ACTIVATION
Level 3 of Enterprise Modeling is still an area of research, and few disciplines have been able to implement the ideas envisioned here. Considerable work has been done in the software development community on how to apply software process models for guidance and control of development projects (Finkelstein, 1994) .
For results from the software development community to be interesting and applicable to chemical process industry, there has to be similarities in business domains. Organizations that handle batch processing and where information is a major part of the product are likely to benefit from level 3 of Enterprise Modeling.
ENTERPRISE MODELING AND PROCESS SYSTEMS ENGINEERING
When we deal with physical production processes, like in chemical processing industry, the physical process is the core of the business. This is an aspect managed by the Process Systems Engineering community. As a consequence, the physical aspect of the enterprise model is covered by Process Systems modeling.
However, we do not believe that Enterprise Modeling should be an activity allocated exclusively to Process Systems Engineers (at least for level 1 kind of activity). The reason is obvious: In order to ensure that the model is as correct as possible, and that ownership and commitment to the reality the model represents, one has to involve all disciplines of the process plant, not only one.
CONCLUDING REMARKS AND FUTURE WORK
In order to take out the full potential of an Enterprise Modeling effort, it will have to be accompanied by a set of equally important principles in management and organization of a plant. Basis for our approach is security and trust: At Kårstø, the workers knew they would keep their job. This was considered a major prerequisite for success of the overall project.
Further work in the area of Enterprise Modeling in process industry includes more thorough studies of how other disciplines approach the problems, finding similarities and differences to see what are the most promising areas for application of the principles. Further, there is a need for development of standardized guidelines on how to perform Enterprise Modeling within the chemical processing industry.
We conclude that the chemical process industry has a lot to gain by looking at Enterprise Modeling for construction of reality, in addition to the computer-aided analysis and simulation focus that already exists. This was exemplified by the Kårstø case.
